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(57) Abstract: The invention 
concerns a method for synchronising 
clocks of base transceiver stations 
in a telecommunications system and 
a mobile communications system. 
According to the invention, in either 
some or in all base station sites of 
the telecommunications network 
a location measurement unit is 
installed, which receives an accurate 
clock including an extra-system 
signal. The clock information is 
transmitted further to base transceiver 
stations, whose frame transmissions 
are synchronised in accordance with 
the clock information. By using the 
implementation in accordance with 
the invention both economic and 
functional advantages arc achieved, 
e.g. the capacity can be increased by 
up to 50 - 300 %, depending on the 
manner of implementation. 
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Synchronisation of frame transmissions in a telecommunications net- 
work 

Field of the invention 

5 The invention relates to synchronisation of a mobile network, es- 

pecially to synchronisation of transmissions over the air interface. 

Technical background 

At the present time special attention is paid in several different 

10 countries to the satellite-based localisation of mobile stations and to various 
services relating to localisation. For example, in the United States of America 
the authorities have established a time limit, by which mobile stations must 
include a localisation system, with the aid of which a call received by an 
emergency station can be localised with an accuracy of approximately one 

15 hundred metres. Mobile stations with an integrated GPS-based (Global Posi- 
tioning System) localisation system are already commercially available. 

In practice, such a GPS receiver is integrated into the mobile sta- 
tion, which receives signals transmitted by satellites and which calculates its 
location with the aid of information contained in the signal. The GPS satellite 

20 transmits two different carrier wave frequencies. Two pseudo random signals 
(a C/A code and a P code intended for military use) and a navigation mes- 
sage are modulated into the carrier waves. The code messages do not con- 
tain actual information, but they are pseudo random sequences including a 
+1 and a -1 space and they are used for modulating the carrier wave. In ad- 

25 dition, such a navigation message is modulated into the carrier wave, which 
contains information related to determination of the location. The length of its 
frame is 1500 bits, and the frame is divided into five sub-frames, all of an 
equal length. The frame includes e.g. clock correction information, check 
bits, information on the age of data, on the orbits of satellites and on the lo- 

30 cation of satellites at different times. 

Continuous three-dimensional localisation requires no less than 
four simultaneously visible satellites. The determination of location is based 
on a determination of the distance between receiver and the group of satel- 
lites. The location can be determined with the aid of at least three satellites, 

35 whereby the fourth is mainly needed to eliminate deviations caused by clock 
errors. 
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Since the signal transmitted by a satellite is accompanied by in- 
formation on the time of departure of the signal, the receiver is able to calcu- 
late the signal's transit time from the difference between its own clock time 
and the satellite's clock time. The distance of the satellite can hereby be de- 
5 termined, by multiplying the signal's transit time by the signal's velocity, that 
is, by the velocity of light. 

There are several different kinds of GPS signal receivers. The dif- 
ferences relate e.g. to whether the receiver is a single-frequency receiver or 
a two-frequency receiver, whether the receiver observes several satellites 

10 constantly or each satellite alternately, and what kind of code it identifies. 
The number of channels is an important feature of the receiver. This means 
how many satellites the receiver is able to observe simultaneously. The 
channels may be implemented either at equipment level or by software. 

To allow as accurate a time determination as possible, the satellite 

15 includes a cesium clock, with which it takes more than two hours for one 
nanosecond to accrue. The clock error is taken into account by transmitting 
the clock error information coded into the signal. The clock of the receiver is 
usually a quartz crystal, which is less accurate than the atomic clock. With 
the quartz crystal it takes only a second for a nanosecond error to accrue, 

20 and its errors are more difficult to foretell. The clock error can be corrected, 
either by having the receiver update its clock when the error has grown to a 
certain predetermined value, or by using an external stable source of fre- 
quency. 

Localisation of a mobile station does not require synchronised net- 
25 works. Base transceiver stations are independent of each other, so the 
frames transmitted by them are not in synchrony with each other. In other 
words, base transceiver stations are not aware of the starting time of the 
frames they transmit. This drawback is due to the fact that no reliable refer- 
ence clock has been available so far for implementing synchronisation. In a 
30 non-synchronised network, the various frames will cause such interference to 
one another, which may at worst destroy several time slots. Figure 1 illus- 
trates the present situation, where base transceiver stations located in the 
cells (cell 1 - cell 5) of a cellular network transmit frames over the air inter- 
face in a non-synchronised network. As can be seen in the figure, the time 
35 slots TS1-TS8 of the frames are not mutually matched. It is impossible to 
know which frequencies are interfering with what, and the base station con- 
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trailer is unable to calculate the mutual timings of the frames transmitted by 
the cells. 

The above-mentioned drawback can be reduced considerably, if 
the frame transmissions to be transmitted at the air interface are synchro- 
5 nised. In a synchronised network, no more than one time slot is lost in the 
worst case. Figure 2 illustrates broadcasting of frames in a synchronised 
network. When the frames are exactly matched, e.g. allocation of channels 
can be done exactly on a time slot basis. 

For the localisation function, measuring equipment will be installed 
10 in the future in the mobile network at the locations of base transceiver sta- 
tions for localisation of mobile stations. In accordance with the present inven- 
tion, these pieces of equipment can be utilised also for synchronisation of 
frame transmissions at the air interface in a mobile network. The solution is 
economically advantageous, because no separate equipment is required for 
15 the synchronisation only. 

Brief summary of the invention 

The invention aims at synchronising frame transmissions over the 
air interface in a mobile network. In practice, this means transmissions be- 

20 tween base transceiver stations and transmissions between a mobile station 
and base transceiver stations. 

The established aims are achieved in such a way that at the loca- 
tions of base transceiver stations such a measuring unit is installed for local- 
isation of the mobile station, which includes a receiver for receiving a signal 

25 transmitted from a satellite. It is sufficient for the location measurement unit 
to detect just one satellite orbiting the earth. 

In accordance with a first embodiment of the invention, the loca- 
tion measurement unit is installed at each base transceiver station site. The 
location measurement unit synchronises its internal clock with the global 

30 clock it receives from the satellite. A certain global moment in time repre- 
sents a point of reference for the starting moment of the frame clock, that is, 
for the clock's edge. At the point of reference, the frame number is set at 
zero. The location measurement unit transmits the frame number thus de- 
fined and the frame clock to the base transceiver station. The base trans- 

35 ceiver station synchronises its own internal clock to correspond with the 
global time of the satellite. In this manner, the internal clock of all base trans- 
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ceiver stations in the network are made to show exactly the same time, 
whereby the frames can be transmitted exactly at the same time from the dif- 
ferent base transceiver stations of the network. 

This solution is simple to implement and the network synchronisa- 
5 tion which can be achieved is exact. Economically, the implementation is ex- 
pensive, because it requires a considerable number of location measure- 
ment units. Considered in the long term, the solution is advantageous, since 
the synchronisation does not require separate purchases of equipment just 
to do with the synchronisation, but the implementation can use the same 

1 0 equipment as that which is used for the localisation of mobile stations. 

In accordance with a second embodiment of the invention, the lo- 
cation measurement unit is installed at some base transceiver station sites. 
In this implementation, the location measurement unit measures the syn- 
chronisation difference of frame broadcasts from the base transceiver station 

15 of its place of location and from adjacent base transceiver stations. It trans- 
mits the real time difference, which it has measured, along with time stamped 
frame numbers by way of the base transceiver station to the base station 
controller. The base station controller calculates the tuning values of the 
clock and changes the frame number of each base transceiver station, so 

20 that each base transceiver station will use the correct frame number and so 
that the real time differences between different base transceiver stations are 
minimised. 

Since in this implementation there are considerably less location 
measurement units, this solution in comparison with the previous one is eco- 
25 nomically more advantageous, considered in the short term. However, its 
manner of solution is more complicated and less accurate from the viewpoint 
of synchronisation. 

With the implementation according to the invention, considerable 
advantages are achieved both in economical and functional terms, e.g. the 
30 capacity can be increased by as much as 50-300%, depending on the man- 
ner of implementation. 



35 



List of figures 

In the following, the invention will be described in greater detail 
with the aid of the appended diagrammatic figures, of which 
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Figure 1 

Figure 2 

5 Figure 3 

Figure 4 
Figure 5 

10 Figure 6 

Figure 7 

Figure 8 

15 



implemented with the aid of a Location Measurement Unit (LMU). 

20 Figure 3 illustrates diagrammatically a location measurement unit 

301 and its connection to a Base Station (BTS) 302. 

The location measurement unit includes e.g. an antenna 304 and 
a GPS receiver for receiving GPS signals from satellites orbiting the earth. In 
addition, it includes a transceiver consisting of a transmitter TX and a re- 

25 ceiver RX for data transmission over the air interface, a control unit CU, 
which performs calculation and controls the logic of the location measure- 
ment unit as well as the power supply. The output gate of the location meas- 
urement unit is connected by a cable 303 to the input gate of the base sta- 
tion's clock unit. 

30 Figure 4 illustrates a situation, wherein location measurement unit 

301 receives a GPS signal transmitted by satellite 402 orbiting the earth. 
From the message the location measurement unit separates a clock, with the 
global time of which it synchronises its own internal clock. In a simplified 
manner the figure shows only one satellite, but normally the GPS receiver 

35 detects simultaneously at least four satellites orbiting the earth. The GPS re- 
ceiver integrated into the location measurement unit is fixed, so that its exact 



shows frame transmissions of various cells in a non-synchronised 
system, 

shows frame transmission of various cells in a synchronised sys- 
tem, 

illustrates a location measurement unit in accordance with the in- 
vention and its connection, 

shows an arrangement in accordance with the invention, 
illustrates a solution in accordance with a first embodiment of the 
invention, 

illustrates a solution in accordance with a first embodiment of the 
invention, 

shows an arrangement in accordance with a second embodiment 
of the invention, 

illustrates a solution in accordance with a second embodiment of 
the invention. 

Detailed description of the invention 

The mobile station localisation function in a mobile network can be 
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geographical location is known. Likewise, the location coordinates of each 
base station in the network are known. 

From the exact GPS time received from the satellites the location 
measurement unit forms the GMS system's frame number FN and frame 
5 clock FCLK, which are relayed further to the base station 302. The base sta- 
tion synchronises its own internal clock with the time transmitted by the loca- 
tion measurement unit, whereby each base station of the network can 
transmit frames 401 over the air interface at the same moment t. 

Synchronisation of the network may be implemented e.g. in such 
10 a way that a location measurement unit is located at all base station sites, or 
alternatively so that a location measurement unit is located at some base 
station sites only. These embodiments will be examined in the following by 
way of examples. 

15 First embodiment of the invention 

Figures 4 and 5 illustrate an implementation of the invention 
wherein a location measurement unit is installed at all base station sites. In 
this embodiment the location measurement unit functions as the master 
clock of the base station site. 

20 In Figure 5, the location measurement unit 301 emulates a so- 

called talk base station functioning as master in the synchronisation. The lo- 
cation measurement unit and the base station are connected to each other 
by a cable in the manner described in the foregoing. The certain GPS time 
received by the location measurement unit from the satellite represents a 

25 point of reference, from which the frame number begins, that is, FN=0, and 
the frame clock FCLK starts (the clock's edge). The location measurement 
unit transmits a 24-bit long frame number and a frame clock (e.g. 217 Hz) to 
the base station. Besides the frame clock, also other clock information may 
be transmitted when required, of which the TCLK (Timeslot Clock) synchro- 

30 nising the time slots of the frame and/or the SBCK (Serial Bus Clock) for use 
at the applicant's talk base stations may be mentioned as examples. The 
base station synchronises its clock according to the frame clock. Every loca- 
tion measurement unit and base station in the network functions in a similar 
manner. Since the exact global GPS time is available to every base station in 

35 the network, the base stations can transmit frames exactly at the same time, 
in other words, they can function in mutual synchrony. The Base Station 
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Controller BSC 501 only manages phasing of the frames, e.g. by providing 
the base station with synchronisation commands. 

Since each base station in the network is sending frames in the 
synchronised network at the same time, the base station controller is able to 
5 calculate on a time slot basis which channel ought to be allocated at each 
time. In practice, the aim is to allocate such a frequency for the mobile sta- 
tion, whose C/l, that is, Carrier over Interface ratio, is good enough. This 
means that the quality of speech or data transmission is good, in other 
words, the subscriber notices no interference in the call. 

10 In practical implementations, base stations of several sizes and 

models and installed at different times may be located side by side on the 
base station site. Hereby it is unprofitable economically to install an own lo- 
cation measurement unit separately at each base station. On the other hand, 
it is more advantageous to chain the base stations with each other and to 

15 install only one location measurement unit as the master clock for the 
chained base stations. 

Figure 6 illustrates a situation, wherein there are several different 
base stations 601-603 on the base station site. Location measurement unit 
301 is the master clock of the base station site. Chaining of base stations 

20 means that the output gate of the clock unit of the first base station 601 is 
connected functionally by cable 303 to the input gate of the clock unit of the 
second base station 602 and, further, the output gate of the said clock unit is 
connected functionally by a cable to the input gate of the clock unit of the 
third base station 603. 

25 The location measurement unit transmits the frame number and 

clock information to the clock unit of the first base station. This synchronises 
itself according to the information it has received and transmits the informa- 
tion forward to the following base station, etc. Of course, the chaining will 
cause a delay in the clock. Since the distances between base stations are 

30 short, that is, the connecting cables between them are short, the delays are 
rather small and it is simple to correct them. There are different methods for 
correcting delays. One method is to correct a time delay in such a way that 
the transmitting base station adds the correction value of the clock to the 
frame number and clock information. On the other hand, the correction value 

35 may be stored in the memory of the receiving base station, from which the 



WO 01/93460 



PCT/FI01/00400 



8 



receiving clock unit will pick the value and add it to the clock time obtained 
from the preceding base station. 

The antenna 304 of the location measurement unit causes longer 
time delays than those mentioned above, because its distance from the unit 
5 is longer than the lengths of base station cables. However, like the previous 
delays, the one caused by the antenna can be calculated, because the pa- 
rameters causing delays are known*. The correction value of the delay 
caused by the antenna can be added to the frame number and clock infor- 
mation in the location measurement unit. 

10 

Second embodiment of the invention 

With the aid of Figures 7 and 8 such an embodiment according to 
the invention is studied in the following, wherein a location measurement unit 
is provided only on some base station sites. Since the embodiment requires 

15 much less units, it is of course also much cheaper to implement than the 
former. However, in a functional comparison with the former it is complicated 
and requires more calculation. 

Figure 7 illustrates a situation, wherein location measurement unit 
301 is located in connection with base stations 701, 703 and 704. Base sta- 

20 tions 702 and 705 have no location measurement unit. The base stations are 
constantly broadcasting information about themselves on the Broadcast 
Control Channel BCCH. Mobile station 706 is connected over the radio path 
with one of the base stations shown in the figure, e.g. with base station 704. 
The base station controls the operation of the mobile station e.g. by provid 

25 ing the synchronisation and by stating the transmission power to be used by 
the mobile station. In state-of-the-art solutions, a hierarchical or plesiochro- 
nous synchronisation is usually used, whereby the base station receives the 
synchronisation signal from the base station controller and the base station 
controller for its part receives the synchronisation signal from the mobile ser- 

30 vices switching centre, etc. A public telephone system and radio system are 
usually synchronised at their topmost level as accurately as possible with an 
atomic clock. The synchronisation signal, which is e.g. a signal with a nomi- 
nal frequency of about 2 MHz, can be relayed from the base station control- 
ler to the base station along a separate cable or over the radio path. This 

35 method of synchronisation means that the base stations are not exactly mu- 
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tually synchronised, for which reason each base station transmits the own 
timing information of its cell on the above-mentioned BCCH channel. 

The geographical locations of both the location measurement unit 
and the base stations are accurately known. The location measurement unit 
5 measures the broadcasting of base stations in the same manner as the mo- 
bile station does. Since the distance travelled by signals broadcast by base 
stations is accurately known, the location measurement unit is able from the 
measurement information to calculate the relative so-called real time differ- 
ence RTD of frame broadcasts by base stations. Figure 8 illustrates a situa- 

10 tion wherein location measurement unit 301 broadcasts the real time differ- 
ence and the time-stamped frame number to base station 701 . It broadcasts 
this information both to its own base station and to adjacent base stations 
702-705, which information is broadcast further to base station controller 
501. When the real time difference RTD is combined with the global position- 

15 ing system GPS, the Absolute Time Difference ATD will result. 

On the basis of information received from the location measure- 
ment units of base stations 701, 703 and 704 a calculation unit integrated 
into the base station controller calculates clock tuning values for base sta- 
tions 702 and 705. In case the base station tuning is not correct, the base 

20 station controller sends a command either to slow down or to speed up the 
clock for so long a time that the relative real time difference is zero, RTD=0. 
In addition, it controls that each base station has the same frame number or 
that adjacent base stations have only a minor phase difference in their frame 
numbers. The calculation of the real time difference and of tuning values is a 

25 continuous process demanding much calculation. 

It was assumed in the examples described above, that the func- 
tionality of location calculation is integrated in the base station controller. The 
Serving Mobile Location Centre SMLC may also be a separate unit in the 
Base Station System BSS, whereby the measurement reports on measure- 

30 ments made by the location measurement unit are broadcast to it by way of 
the base station controller. 

The SMLC has real-time information at all times about the net- 
work's real time difference. Certain external applications, e.g. the authorities, 
may request information about the SMLC through the Gateway Mobile Loca- 

35 tion Centre GMLC, which allows access for a third party to the subscriber's 
location information in the mobile network. 
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The drawings and the explanation relating to them are only in- 
tended to illustrate the inventive idea. The synchronisation of frame broad- 
casts at the air interface in accordance with the invention may vary in details. 
The implementation of equipment needed in the system may also vary. In 
5 the examples, the location measurement unit was connected by cables to 
the base transceiver station, but it may alternatively be integrated directly 
into the base transceiver station. It can also be located as a separate unit in 
such a way that it is in connection with the base station through the air inter- 
face. However, this alternative is not recommended, because the accuracy 

10 of clocks will suffer essentially. 

It was said in the foregoing that the GPS receiver contained in the 
location measurement unit is used for receiving an accurate reference clock 
in order to synchronise the base station clocks. However, it may also be 
used for location determination e.g. in order to check the position of the loca- 

15 tion measurement unit. The correct and accurate position information of the 
location measurement unit is important e.g. to the base station controller, 
since it calculates position information. And it is also important to those other 
units of the network, which calculate position information. 

The location measurement unit supports the synchronisation and . 

20 other positioning methods of the base station system, e.g. Enhanced Ob- 
served Time Difference E-OTD. As the SMLC has real-time information on 
the network's real time difference, the mobile station can be located by the 
E-OTD method in a non-synchronised network by utilising the information of 
measurement reports broadcast by the location measurement units. The 

25 SMLC hereby requests real time differences reported by the LMUs and cal- 
culates the location of the mobile station with the aid of OTD values meas- 
ured and reported by the mobile station. 

One of the advantages of the synchronised network is that it allevi- 
ates the problem of decoding the signal broadcast by the base station, which 

30 contains base station identification information, and allows use of many such 
applications, which cannot be implemented in a non-synchronised network. 
Dynamic allocation of frequencies and channels can be mentioned as an ex- 
ample. 

The accurate global clock needed by base stations for synchronisa- 
35 tion of broadcasts over the air interface may also be another clock than one 
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broadcast by satellites. The main thing is that the base stations can synchro- 
nise reliably their own internal clock with a certain global time. 

Although the invention was explained above mainly in connection 
with a mobile system, synchronisation of frame broadcasts can be used also 
5 for a telecommunications system of some other kind, when frame broadcasts 
are broadcast and received over the air interface in the telecommunications 
system. The method and system according to the invention can be imple- 
mented either in the entire telecommunications network or in a part of the 
telecommunications network, e.g. in such an area only, which covers a cer- 
10 tain town. 
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Claims 

1. Method of synchronising base transceiver stations in a mobile 
communications network including several mobile stations and several base 
station sites including at least one base transceiver station, 

5 characterized in that 

in at least one base station site a location measurement unit is ar- 
ranged, which 

receives an accurate clock including an extra-system signal, 
transmits the clock information of the signal to at least one base 
10 transceiver station in the network, and that 

the base transceiver station is synchronised in accordance with 
the clock information. 

2. Method of synchronising base transceiver stations in a mobile 
communications network including several mobile stations and several base 

15 station sites including at least one base transceiver station, 
characterized in that 

in all base station sites of the network a location measurement 
unit is arranged, which 

receives an accurate clock including an extra-system signal, 
20 transmits the clock information of the signal to the base trans- 

ceiver station of the concerned base station site, and that 

the base transceiver station is synchronised in accordance with 
the clock information. 

3. Method as defined in claim 1 or 2,. characterized in that 
25 the location measurement unit functions as the master clock of chained base 

transceiver stations, whereby each base transceiver station of the base sta- 
tion site is synchronised in accordance with the same clock information. 

4. Method as defined in claim 2, characterized in that the 
clock information transmitted by the location measurement unit to the base 

30 transceiver station includes a frame clock, which is defined with the aid of an 
outside clock, and the base transceiver station's frame number. 

5. Method as defined in claim 4, characterized in that the 
base transceiver station transmits the clock information further to a location 
calculation unit. 

35 6. Method as defined in claim 1, characterized in that the 

location measurement unit 
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receives frames transmitted by the base transceiver stations, 
attaches to each frame a time stamp based on the accurate clock, 

and 

transmits the time stamped frames together with the clock infor- 

5 mation. 

7. Method as defined in claim 6, characterizedin that the 
base transceiver station transmits the clock information and the time 
stamped frames to the location calculation unit. 

8. Method as defined in claim 7, characterized in that the 
10 location, calculation unit calculates the real time difference of the frame 

transmissions of the base transceiver stations, and the base transceiver sta- 
tions are synchronised according to this difference. 

9. Method as defined in claim 8, characterized in that the 
location calculation unit reports the real time difference to a base station con- 

15 trailer, which manages and controls the clock phasing of at least such a base 
transceiver station, to which no location measurement unit is connected, and 
when required it will transmit the clock tuning value to the base transceiver 
station. 

10. Method as defined in claim 1 or 2, characterized in 
20 that the location measurement unit receives the clock including the extra- 
system signal from a satellite orbiting the earth. 

11. Method as defined in claim 1 or 2, characterized in 
that the location measurement unit is integrated into the base transceiver 
station. 

25 12. Method as defined in claim 1 or 2, characterized in 

that the location measurement unit is a separate unit. 

13. Method as defined in claim 1 or 6, characterized in 
that the location calculation unit is located in the base station system. 

14. Mobile communications system including several 
30 mobile stations, 

base station sites, in which there is at least one base transceiver 
station, whose radio interface has a frame structure formed by transmission 
frames and reception frames, 

a base station controller controlling the frame transmissions of the 
35 base transceiver stations, 
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characterized in that to at least one base transceiver sta- 
tion a location measurement unit is connected, which includes at least: 
a receiver for receiving an extra-system accurate clock, 
means for processing the clock information and for transmitting it 
5 to the base transceiver station. 

15. Mobile communications system including several 
mobile stations, 

base station sites, in which there is at least one base transceiver 
station, whose radio interface has a frame structure formed by transmission 
10 frames and reception frames, 

a base station controller controlling the frame transmissions of the 
base transceiver stations, 

characterized in that to at least one base transceiver sta- 
tion a location measurement unit is connected, which includes at least: 
15 a receiver for receiving an extra-system accurate clock, 

reception means for receiving the transmission frames of the base 
transceiver station, 

means for processing the clock information and the transmission 
frames and for transmitting them to the base transceiver station. 
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